INTRODUCTION
Depleting resources of mineral based fuel due to heavy consumption, global warming and environmental pollution are the diverse reasons for the search of alternate and renewable energy resources. Biodiesel, chemicallay known as fatty acid methyl esters FAMEs , has emerged as an ecofriendly substitute for the conventional diesel fuel in recent past. Biodiesel has several advantages over conventional diesel fuel, such as, derived from renewable resources, free from aromatic compounds, causes lower emissions of carbon monoxide, particulate matters, sulphur compounds and greenhouse gases due to its closed carbon dioxide cycle 1 . Transesterification of naturally occuring triglycerides vegetable oil or animal fat with methanol in the presence of chemical e.g., NaOH, NaOCH 3 , H 2 SO 4 etc. or biocatalyst lipase yielded biodiesel and glycerol as byproduct 2 . At industrial scale biodiesel is mainly produced by the homogeneous base catalyzed transesterification of vegetable oils. However, homogeneous catalyst is non recyclable, non green and leads to the formation of sodium or potassium ion contaminated biodiesel 2, 3 . Moreover homogeneous catalysts were found to be deactivated, due to the soap formation, if moisture and/or free fatty acid FFAs contents in feedstock are 0.3 wt and 0.5 wt , respectively 4, 5 .
Most of the drawbacks associated with the application of chemical catalysts could be pacified by employing biocatalyst, e.g., lipase E.C. 3.1.1.3 , for the transesterification of triglycerides. Direct application of lipase producing microorganisms as whole cell , pure lipase and immobilized lipase has been well documented in literature for the transesterification of a variety of triglycerides 6, 7 . However, the biodiesel production by enzymatic method has not been adopted industrially as enzyme catalyzed reactions are relatively slow 8 and often not lead to the completion of the reaction 96.5 FAMEs yield . Various methods have been employed in literature to improve the lipase activity, including the use of metal ions and organic molecules 9, 10 . 2 and Cu 2 on lipase activity, 0.4 ml aqueous solution 10 mM of desired metal was added to the above mentioned assay, maintaining the final volume of 2.5 ml. Blank experiments have also been performed in presence of metal ions without adding CRL to the assay. Under such conditions no hydrolysis of PNPL was observed, thus metal ions itself was not active towards the same reaction.
Transesterification activity of CRL was evaluated by employing cotton seed oil CSO as substrate in presence of methanol or ethanol. Prior to the reaction in order to activate the pure enzyme, 50 mg of pure CRL was soaked with 1 mL deionized water for 30 min 11 . In a typical reaction, 25 mL round bottom flask was charged with 50 mg of activated CRL, 1 mL metal solution 10 mM , 1.2 ml of CSO and 0.55 ml methanol or 0.81 ml ethanol alcohol to oil molar ratio 12:1 and reaction mixture was stirred for desired duration at 40 . The reactions were continued till the complete transesterification of oil into corresponding monoalkyl esters 98 were achieved. The course of the reaction was followed by withdrawing the samples from the reaction mixture after every 4 h and quantifying the fatty acid methyl esters FAMEs or fatty acid ethyl esters 3 Results and discussion 3.1 Effect of metal ions on hydrolytic and transesteri cation activity Lipase could catalyze the hydrolysis, esterification and transesterification reactions. During hydrolysis and transesterification, lipase acts on ester bond OC O and hence any factor effecting one type of activity is expected to influence another activity as well. As would be discussed in subsequent sections that studied metal ions were found to effect lipase catalyzed hydrolysis as well as transesterification, but not to the similar extent.
In order to study the hydrolytic activity of CRL, PNPL has been employed as substrate, as product of hydrolysis reaction, p-nitrophenol, could be followed easily by recording the absorbance at 405 nm ε 11580 L mol 1 cm 1 .
The specific activity of the pure lipase was observed as 10.61 IU 100 activity and same activity was used as base while calculating the relative activity of CRL in presence of metal ions as given in 14, 15 regarding the effect of metal ions on lipase hydrolytic activity. The effect varies from metal to metal and even same metal found to effect the lipase activity in a different manner if lipase source has been varied 16 . However, in most of the reports, as also observed in present study, Ca 2 were found to enhance the lipase hydrolytic activity 17, 18 .
Fatty acid methyl or ethyl esters commonly known as biodiesel are usually prepared from the transesterification reaction of triglycerides oil or fat with methanol or ethanol in presence of a catalyst. Lipase catalyzed transesterification was found to be relatively slow and often such reactions either required longer reaction duration upto 105 h or leads to the incomplete conversion of oil to corresponding monoalkyl esters 19 . Hence, it is worth to find out the methods which could enhance the lipase activity and yield the complete conversion of oil into corresponding mono alkyl esters in lesser reaction duration. As could be seen from Table 1 , the CRL hydrolytic activity was enhanced as well as decreased by the metal ions. In order to compare the effect of these metal ions on CRL catalyzed transesterification activity, cotton seed oil CSO was employed as substrate in presence and absence of metal ions. The activity of pure lipase was compared with that of metal activated one on the basis of their respective turn over frequencies TOF for the transesterification of CSO with methanol or ethanol. As could be seen from Fig.  1 , the methanolysis activity of CRL was enhanced by all the metal ions investigated as supported by the increase in TOFs. However, in case of ethanolysis, all metal ions employed were not found to enhance the TOF and in presence of Na , Ba 2 and Ni 2 , all metal ions were found to have the positive effect on hydrolysis a well as transesterification activity, however, not to the same extent. Hence, on the basis of the effect of metal ion on hydrolytic activity it would be not be possible to predict the effect of same metal ion on transesterification activity as well. Moreover, even in case of transesterification, except Cr 3 and Co 2 all other metal ions were found to effect CRL catalyzed ethanolysis and methanolysis to a different extent. Thus, influence of metal ions on various lipase activities could not be generalized as it is also a function of substrate employed for the reaction.
Kinetic study
As evident from the comparison of TOFs, Cr 3 and Co 2 were found to enhance the CRL catalyzed ethanolysis as well as methanolysis activity to the maximum and similar extent among the metal ions investigated. The increase in activity could be due to the reduction in activation energy when reaction was performed in presence of these metal ions. In order to evaluate the activation energy, the kinetics of the lipase catalyzed transesterification in presence of Co 2 was studied as an example. Theoretically one triglycerides molecule required three molecules of alcohol for the complete transesterification, and hence transesterification reaction should follow fourth order kinetic model. However, usually such reactions were performed in presence of excess methanol/ethanol and hence, pseudo-first order kinetic model is followed 20 . In present study CRL catalyzed transesterification of CSO were performed in presence and absence of Co 2 , employ- where, X e is the fraction of FAEEs or FAMEs produced, t is the time in h and k is the pseudo-first order rate constant. The values of pseudo first order rate constants were calculated from -ln 1-X ee vs time plot and given in Table 2 .
The values of rate constants were found to increase regularly as the reaction temperature was increased from 20 to 40 . However, a further increase in reaction temperature 50 reduces the enzyme activity, could be due to the partial enzyme denaturation at this temperature.
As evident from Table 2 , high conversion rates supported the enhancement in lipase activity when transesterification reactions were performed in presence of Co 2 . Increase in reaction rates should be accompanied by the reduction in activation energy E a , and the Arrhenius equation 4 has been employed to calculate the E a for the transesterification reactions performed in presence and absence of Co 2 .
where, R is the gas constant, A is the pre-exponential factor and T is the reaction temperature in K. A plot between lnk and 1/T, yielded a straight line as given in Fig.  2 .
The values of E a of CRL catalyzed ethanolysis and methanolysis reactions in presence and absence of Co 2 were calculated from the Arrhenius plot and summarized in Table 3 . The comparison of E a supports the significant reduction in activation energies when reactions were carried out in presence of Co 2 . From Table 2 , it could be seen that decrease in activation energies are accompanied by the significant decline 55 in reaction time required to achieve 98 FAME/FAEE yield. Accordingly it is safe to assume now that metal ions which were found to affect the lipase activity positively could have reduced the activation energy of the transesterification reactions. However, the exact nature of the metallipase interaction and its effect on lipase active site is a matter of further investigation.
Conclusions
Hydrolytic and transesterification activity of Candia rugosa lipase has been examined in presence of few metal ions. Out of these metal ions Ca ions, studied, were found to enhance the methanolysis activity, and Cr 3 and Co 2 were found to enhance the methanolysis as well as ethanolysis to the maximum and similar extent. Time required for the complete methanolysis and ethanolysis of cotton seed oil was reduced from 48 and 52 h, respectively to 22 h, when lipase was employed in presence of Co 2 . 
